ing from 55.1 to 56.4 mol% G+C and grows without nicotinic acid (Malimas et al., 2009a, b; Yamada and Akita, 1984) . Muramatsu et al. (2009) examined the Thai isolates that were assigned to the genus Gluconobacter for 16S rRNA gene sequence determination and grouped them into thirteen groups, designated as GB1 through GB13. Of the thirteen groups, the two isolates that were grouped into GB6 were remote from all known species, since the highest 16S rRNA gene sequence similarity values were lower than 99.1% against G. frateurii NBRC 3264 T or G. japonicus NBRC 3271
T . This paper describes Gluconobacter wancherniae sp. nov., an eleventh species of the genus Gluconobacter, for the two isolates, which were isolated from isolation sources collected in Sakaerat, the northeastern district of Thailand on August 17, 2002 and included in the lower DNA G+C content group mentioned above.
Two isolates, designated as AC42 T (= BCC 15775 T = NBRC 103581 T ) and AC47 (= BCC 15780 = NBRC 103582), were isolated respectively from an unknown seed and an unknown yellow fruit by an enrichment culture approach using glucose/ethanol/acetic acid medium (Yamada et al., 1976 (Yamada et al., , 1999 (Yamada et al., , 2000 Yukphan et al., 2004c) , and examined phylogenetically, genetically, phenotypically, and chemotaxonomically. Extraction and isolation of bacterial chromosomal DNAs were performed by a modifi cation of the methods of Marmur (1961) (Ezaki et al., 1983; Saito and Miura, 1963) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) . DNA-DNA hybridization was carried out by the photobiotin-labeling method using microplate wells (Ezaki et al., 1989) with colorimetrical detection (Verlander, 1992) . The color intensity was measured at A 450 on a microplate reader (VERSAMax TM Tunable Microplate Reader, Molecular Devices, Sunnyvale, CA, USA). The highest and lowest values obtained in each sample were excluded, and the mean of the remaining three values was taken as the DNA-DNA relatedness level.
The DNA G+C contents of isolates AC42 T and AC47 were 56.6 and 56.4 mol%, respectively, with the range of 0.2 mol%, showing that the isolates were included in the lower DNA G+C content group, the sublineage of G. cerinus/G. frateurii, or Phenon A (Table 1) (Gosselé et al., 1983; Yamada and Akita, 1984; Yamada et al., , 2000 . When an isolated, single-stranded, and labeled DNA from isolate AC42 T was hybridized with DNAs from test strains in 2 SSC containing 50% formamide at 49.0 C for 15 h, isolate AC42
T represented levels of DNA-DNA hybridization of 100, 100, 14, 12, 16, 15, 13, 18, 8, 5, 6, 13 , and 4% respectively to isolates AC42
T and AC47 and the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. kanchanaburiensis, G. cerinus, G. frateurii, G. thailandicus, G. japonicus, and A. aceti . A single-stranded, labeled DNA from isolate AC47 gave levels of DNA-DNA hybridization of 99, 100, 13, 10, 17, 22, 19, 14, 12, 9, 12, 14 , and 3%, respectively. Gluconobacter oxydans NBRC 14819 T and G. frateurii NBRC 3264 T showed levels of DNA-DNA hybridization of 16 and 19 and 16 and 16 respectively to isolates AC42
T and AC47. The data obtained indicated that the isolates are genetically separated at the species level and constitute a single species.
Phylogenetic analyses based on 16S rRNA gene and 16S 23S rRNA gene ITS sequences were made for isolates AC42
T and AC47, as described previously (Malimas et al., 2007; Yukphan et al., 2004a, b, c) . Multiple sequence alignments were made with the program CLUSTAL X (version 1.81) (Thompson et al., 1997) . Sequence gaps and ambiguous bases were excluded. Distance matrices were calculated by the two-parameter method of Kimura (1980) . The neighbor-joining method was used for constructing phylogenetic trees (Saitou and Nei, 1987) . In addition, the maximum parsimony method and the maximum likelihood method were used for constructing phylogenetic trees based on 16S rRNA gene sequences (Felsenstein, 1981 (Felsenstein, , 1983 . Robustness for individual branches was estimated by bootstrapping with 1,000 replications (Felsenstein, 1985) with the program MEGA (version 4.0; Tamura et al., 2007) . The program PHYLIP (version 3.6; J. Felsenstein, University of Washington, Seattle, WA, USA) was used for a phylogenetic tree constructed by the maximum likelihood method.
In a phylogenetic tree based on 16S rRNA gene sequences of 1,382 bases constructed by the neighborjoining method, isolates AC42
T and AC47 were included in the sublineage of G. cerinus/G. frateurii, the lower DNA G+C content group, or Phenon A (Fig. 1) . However, the two isolates formed a quite independent cluster located outside the clusters of G. cerinus and G. frateurii, G. thailandicus, and G. japonicus. In two other phylogenetic trees constructed by the maximum parsimony and by the maximum likelihood methods, the clustering was similar (data not shown). The two isolates formed a similar cluster in a phylogenetic tree based on 16S 23S rRNA gene ITS sequences of 632 bases (Fig. 1) .
The calculated pair-wise 16S rRNA gene sequence similarities of isolate AC42
T for 1,382 bases were 100, 98. 4, 98.2, 98.1, 98.4, 98.1, 97.9, 98.4, 99.0, 98.9 , and 99.2% respectively to isolate AC47 and the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. kanchanaburiensis, G. cerinus, G. frateurii, G. thailandicus, and G. japonicus . In 16S 23S rRNA gene ITS sequences for 723 bases, the calculated pair-wise sequence similarities of isolate AC42 T were 100, 77.0, 77.5, 77.5, 77.6, 77.0, 75.0, 80.7, 80.0, 80.6 , and 79.6%, respectively. The data obtained support that the two isolates constitute a separate taxon phylogenetically.
Restriction analysis was made for the restriction endonucleases that differentiate isolate AC42 T from the type strains of the ten Gluconobacter species on 16S 23S rRNA gene ITS sequences for ca. 714 bp by computer analysis using the program NEBcutter (version 2.0, New England BioLabs, Beverley, MA, USA) (Yukphan et al., 2004a, b The 16S 23S rRNA gene ITS PCR products of isolates AC42 T and AC47 and the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. kanchanaburiensis, G. cerinus, G. frateurii, G . thailandicus, and G. japonicus were prepared and examined for restriction analysis using restriction endonucleases MboII (Fermentas, Hanover, MD, USA) and Bsp1286I (New England BioLabs) (Tr ek and Teuber, 2002; Yukphan et al., 2004a, b) . As shown in Fig. 2 , the MboII digestion represented a unique restriction pattern, designated as the Gw type, and completely differentiated isolates AC42
T and AC47 from the type strains of the ten Gluconobacter species, although the restriction pattern was the same, the Go type, as that of the type strain of G. oxydans by Bsp1286I digestion.
Isolates AC42 T and AC47 were examined for morphological, physiological, biochemical, and chemotaxonomic characteristics (Asai et al., 1964; Gosselé et al., 1983; Katsura et al., 2002; Malimas et al., 2007; Mason and Claus, 1989; Yamada et al., 1969 Yamada et al., , 1976 Yamada et al., , 1999 Yukphan et al., 2004c, d) .
The phenotypic and chemotaxonomic characteristics determined were described in the species description of Gluconobacter wancherniae sp. nov.
Isolates AC42 T and AC47 had quite different, independent phylogenetic positions from the type strains of G. cerinus, G. frateurii, G. thailandicus, and G. japonicus in the 16S rRNA gene sequences as well as in the 16S 23S rRNA gene ITS sequences, although the isolates were included in the sublineage of G. cerinus/G. frateurii (Fig. 1) . The positions were exactly between G. oxydans and G. cerinus/G. frateurii.
Phenotypically, isolates AC42 T and AC47 grew without nicotinic acid, as found in strains assigned to the lower DNA G+C content group or Phenon A, which includes the type strains of G. cerinus, G. frateurii, G. thailandicus, and G. japonicus, being differentiated from strains assigned to the higher DNA G+C content group or Phenon B, which includes the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, and G. kanchanaburiensis. It is noteworthy that the isolates produced a water-soluble brown pigment in spite of being grouped into the lower DNA G+C content group (Table 1) .
Of the lower DNA G+C content group, the sublineage of G. cerinus/G. frateurii, or PhenonA, isolates AC42 T and AC47 were discriminated from the type strains of G. cerinus, G. frateurii, G. thailandicus, and G. japonicus by the absence of acid production from meso-erythritol (Table 1) . Concerning the growth on pentitols, the isolates did not grow on L-arabitol or meso-ribitol, differing from the type strains of G. frateurii, G. thailandicus, and G. japonicus. It is interesting that the isolates shared with the type strain of G. cerinus in absence of growth on L-arabitol, indicating the existence of a certain phylogenetic relationship between the isolates and the type strain of G. cerinus (Fig. 1) .
Isolates AC42 T and AC47 had a unique 16S 23S rRNA gene ITS restriction pattern, the Gw type, and were perfectly discriminated from the type strains of the ten Gluconobacter species examined by use of re- The restriction patterns were obtained by digestion with restriction endonucleases MboII (a) and Bsp1286I (b). For estimation of the resulting restriction fragments, 50-bp DNA markers were used in agarose gel electrophoresis. striction endonuclease MboII (Fig. 2) . It is of interest that in Rsp1286I digestion the two isolates showed the same restriction pattern, the Go type, as the type strain of G. oxydans. These phenomena may indicate an intermediary situation of the two isolates to connect G. oxydans and G. cerinus/G. frateurii along with the phenotypic features mentioned above. As described above, isolate AC42 T and AC47 are distinguished genetically, phylogenetically, and phenotypically from the type strains of the ten Gluconobacter species, viz., G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. kanchanaburiensis, G. cerinus, G. frateurii, G. thailandicus, and G. japonicus (Table 1) . Gluconobacter wancherniae sp. nov. is therefore proposed for the two isolates, AC42 T and AC47, in the lower DNA G+C content group, the sublineage of G. cerinus/G. frateurii, or Phenon A.
Description of Gluconobacter wancherniae sp. nov.
Gluconobacter wancherniae [wan.cher ni.ae. L. gen. wancherniae of Wanchern, derived from N. L. fem. n. Wanchernia Wanchern, to honor Wanchern Potacharoen, a Thai microbiologist, the former head of BIO-TEC Culture Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA), Pathumthani, Thailand, in recognition of her contributions to the systematic study of acetic acid bacteria]
Gram-negative rods, measuring 0.8 1.0 1.0 2.0 μm and motile with polar fl agella. Colonies are brown, smooth, glistening, and raised with an entire margin on glucose/ethanol/calcium carbonate agar. A watersoluble brown pigment is produced. Grows at pH 3.5 and at 35 C. However, the maximum growth is shown at pH 5.5 and at 25 C. Does not oxidize acetate or lac- Gc, G. cerinus; Gf, G. frateurii; Ga, G. albidus; Gk, G. kondonii; Gr, G. roseus; Gs, G. sphaericus; Gk, G. kanchanaburiensis. a For more details, see the references (Malimas et al., 2007 (Malimas et al., , 2008a (Malimas et al., , b, 2009a Yukphan et al., 2004a, b, d The type strain is isolate AC42 T , which has a DNA G+C of 56.6 mol% and which was isolated from an unknown seed and deposited in BIOTEC Culture Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani, Thailand as BCC 15775 T and Biological Resource Center (NBRC), Department of Biotechnology, National Institute of Technology and Evaluation (NITE), Kisarazu, Japan as NBRC 103581
T .
